Introduction
Chronic fatigue Syndrome (CFS) is characterized by severe and chronic fatigue that cannot be explained by a medical disease or psychiatric disorder. Other symptoms such as pain, post-exertional malaise, and unrefreshing sleep are present (1; 2) . CFS patients report substantial disabilities in daily functioning. The prognosis is poor if untreated; the median spontaneous recovery rate is 5% (3) . To operationalize CFS, the US Centres for Disease Control (CDC) criteria (1; 2) and the Oxford criteria (4) are most widely used. Both state that fatigue should be severe and ongoing, but there are differences in the symptoms required to diagnose CFS.
Research has shown that fatigue related behaviour and beliefs play a crucial role in the persistence of CFS (5; 6; 7) . Cognitive behaviour therapy (CBT) for CFS aims at changing behaviour and beliefs that maintain fatigue and disability and has proven effective (8; 9; 10) . It leads to a significant reduction of fatigue and functional impairment, which seems to be mediated by changes in behaviours and cognitions (11; 12; 13; 14) . A subgroup of patients fully recovers (15; 16; 17; 18) .
Treatment effect on fatigue severity varies between studies. In one meta-analysis, effect sizes ranged from -0.06 to 1.67 (overall effect size: 0.48; 19) , with significant heterogeneity. Another meta-analysis also found heterogeneity, before outliers were winsorized (10) . Fewer therapy sessions were associated with lower effect sizes in this meta-analysis. It is not known which other factors may be responsible for this heterogeneity. Possible explanations are the use of different diagnostic criteria for CFS, variations in the interventions applied, patient characteristics and the use of different outcome measures. Using different diagnostic criteria for CFS may lead to the selection of different patient groups that do not benefit equally from CBT. Additionally, as CBT is a complex intervention, different versions of CBT for CFS may lead to different outcomes. Furthermore, different fatigue questionnaires could measure different aspects of fatigue, which are affected differently by the interventions (20) .
This study investigated variation in outcome in two leading centres internationally, that use different approaches of CBT for CFS . Both centres developed treatment protocols for CFS which were tested in several RCT's (8; 18; 21; 22; 23; 24; 25;26) . In all these studies CBT led to a significant reduction of fatigue and impairment. The use of different outcome measures makes a direct comparison difficult. In this study, we used the same outcome measures in both centres and corrected for possible patient differences. Gaining more insight into contributors to treatment outcome variability could help improve treatment effect.
The treatment protocols for both versions of CBT have been published (23; 27) . They are based on cognitive behavioural models of CFS, which differ in emphasis. The model on which the Dutch protocol was based (6) assumes that a low self-efficacy with respect to fatigue, a reduced level
of physical activity and a tendency to focus on symptoms play a central role in the perpetuation of fatigue and disability. The model on which the UK protocol was based (6; 28) assumes that fear of engaging in activity, symptom focusing and avoidance of activity perpetuate CFS. Both protocols include an initial adoption of a consistent approach to activity, a gradual increase in activity, sleep management, and cognitive restructuring. Both require 12-15 treatment sessions over a period of six months and are delivered by trained cognitive behavioural therapists. Although the treatment elements overlap, the protocols emphasise different treatment elements. Table 1 shows an overview of the protocol differences.
First, in the Dutch protocol treatment recovery is set as a therapy goal more explicitly.
Although recovery rates are similar (16; 17; 29) , stating recovery as the treatment goal may boost treatment effect, as outcome expectation of patients, especially the idea that recovery is possible, is known to contribute to treatment outcome (13) .
Both interventions underline the importance of graded activity. The Dutch protocol distinguishes between patients with a low physical activity level and patients with a fluctuating activity pattern. The former increase their activity level early in therapy, the latter first balance their activities more evenly (29) . The UK approach to activity is not protocol driven but individualized.
When appropriate, patients learn to adopt a consistent approach to activity.
The Dutch protocol includes a specific physical activity program, in which the patient learns to increase physical activity regardless of symptoms and to modify cognitions that reflect low selfefficacy with respect to being active. These same principles are applied during the gradual increase of social and mental activity. This graded activity program is prescriptive. Patients increase walking or cycling by a minute per day, from an achievable level. The increase is time contingent, irrespective of the symptom level. The UK approach is formulation based and individualised. Increases in activities of daily life, like household chores, socialising and taking on responsibilities are negotiated with the patient. The patients learn that they can manage increases in activity, and although symptoms may get worse before they get better, over time the level of fatigue usually reduces. The activity increase is to some extent dependent on the percentage of activities accomplished earlier. If a patient is unable to attain the negotiated goals then harder goals will not be negotiated. This approach is therefore not fully time contingent.
In both protocols, unhelpful cognitions are identified and modified. Different cognitions are aimed at. In the Dutch protocol the physical activity program is aimed at increasing self-efficacy regarding fatigue and activity. Furthermore, specific interventions are applied to teach patients to redirect attention from symptoms towards other stimuli. First, the effect of attention on the perception of bodily symptoms is illustrated during therapy and its role in the perpetuation of fatigue is discussed. Then patients are invited to no longer talk about fatigue and to ask significant others not to inquire about fatigue. Finally, patients practice with redirecting the focus of their attention away from the fatigue to an activity or their environment, e.g. during social interactions or the graded activity program. In the UK protocol, patients learn that they can manage an increase in activities, knowing that symptoms may get worse before they get better. The UK protocol advocates a shift in the focus of attention from fatigue, but no specific intervention targets this.
In the comparison of treatment outcome in the two centres, we corrected for the fact that both centres used different operational criteria for CFS. The Dutch centre used CDC criteria for CFS, while the UK centre used Oxford criteria. The groups were compared with respect to demographics, symptom levels and duration. Where differences were found in treatment effects between the Dutch and the UK treatment centres, it was explored to what extent differences in patient characteristics and diagnostic criteria for CFS could explain this.
Methods

Participants
Consecutively referred patients with CFS who commenced CBT, defined by attendance at both assessment sessions and at least one treatment session, were included. In the Dutch centre, the 
Measures
Fatigue severity
Fatigue severity was measured with the Chalder Fatigue Questionnaire (CFQ), a widely used questionnaire, consisting of 11 items. Likert scoring was used (range 0-3; total score 0-33; 31) in preference to binary scoring, as it was suggested that more variance results in greater sensitivity in detecting change (26) . The CFQ is reliable and valid (32, 33) . For the Dutch centre, we developed and validated a Dutch version of the CFQ (Appendix 1).
Physical functioning
Physical functioning was measured using the subscale physical functioning of the MOS Short form-36 (SF-36; 34), a reliable and valid instrument to measure self-reported physical functioning ranging from 0-100 (higher scores indicate less impairment; 35).
Social impairment
Impairment in social adjustment was measured using the Work and Social Adjustment scale (WSAS; 36) . It assesses functioning at work, in home management, social and leisure activities, and in relationships. The WSAS was validated for use in CFS populations (37) . The questionnaire consists of 5 items (range 0-8; total score 0-40; higher scores reflect more impairment). A Dutch version was created and used in the Dutch group (Appendix 1).
Other symptom information
The number of additional symptoms, as stated in the CDC criteria for CFS, was assessed in each patient (range 0-9). Concentration and memory problems were counted separately. Symptom duration at referral was registered. Depressive symptoms were assessed in the Netherlands with the Beck Depression Inventory (BDI), primary care version (38) and in the UK with the Hospital Anxiety and Depression Scale (HADS) depression subscale (41) . A score above the cut-off for clinically significant level of depressive symptoms was registered (>4 for BDI, >10 for HADS; 9; 41).
Demographics
Patients reported age, sex, education level, living situation (together or alone) and employment status (being employed and number of working hours in the past week). Since the Dutch and UK education system differ substantially, education levels were categorised as low or high. For the Dutch patients, no education, lower and middle vocational education were considered low and higher education was considered high. For the UK patients, no education or only secondary education were considered low and polytechnic and university education high.
Treatment characteristics
Treatment duration in months and number of sessions were recorded. Dropout was registered when a patient completed less than five treatment sessions after the two assessment sessions.
Statistical analysis
Analyses were performed using SPSS statistics for Windows, version 20.0 (IBM, USA). When at most two items on a questionnaire (subscale) were missing, the missing value was replaced by the mean item score on that subscale.
Uncontrolled effect sizes were calculated for the CFQ, SF-36 physical functioning and the WSAS, using the within group Cohen's d (42) . The difference between the mean at pre-and posttreatment assessment was divided by a pooled standard deviation. Confidence intervals were (43) . When post-treatment measurements were missing, but follow-up measurements were available, these were used. Follow-up was on average 3 months after post-assessment. To control for the use of different diagnostic criteria for CFS, effect sizes for the UK were also calculated for the subgroup of patients who met CDC criteria for CFS.
To determine if outcomes of both cohorts were comparable to the outcomes of previous RCT's conducted in these centres we compared effect sizes. In this way we wanted to test if differences in outcomes between both treatments centres could be explained by differences in For each of the outcome measures (CFQ, SF-36 physical functioning and WSAS) a multiple linear regression analysis was performed. The dependent variable was the change score between baseline and post-treatment of that outcome measure. In the first step of each analysis, a dummy variable for treatment centre was entered in the analysis as predictor (0=UK, 1=NL). In the second step, the variables age, sex, education level, living together with a partner, depressive symptoms (zscores), number of CDC symptoms and fatigue and impairment at baseline and symptom duration were entered as predictors. All predictors that were continuous variables were centred, with zero as mean. The difference in the parameter estimate of the variable treatment centre between both models was determined. If the treatment centre parameter estimate decreased when all the predictors assessing patient characteristics were entered in the model, such that centre was no longer a significant predictor of within-group change in treatment, this suggested that the differences in patient factors rather than treatment centre explained the differences in the withingroup treatment effect. Significance was at p<0.05 for all analyses.
Results
Participants
In the Netherlands, 445 patients were diagnosed with CFS during the inclusion period and 293 patients started CBT and were included (66%). Of the 152 patients not included, 81 patients participated in a study testing the efficacy of group therapy (18) , 60 declined CBT, nine received CBT elsewhere and two received a treatment protocol for adolescents instead (30) .
In the UK centre 246 patients were diagnosed with CFS and 163 were included in the study (66%). Of the other 83 patients, 35 did not receive treatment, 32 chose graded exercise therapy, nine did not complete their pre-treatment assessment, three received another treatment during CBT, two received a specific treatment for housebound patients, one received the treatment before and one did not receive the full course of therapy due to NHS funding issues.
Examining treatment characteristics
There was no significant difference in treatment duration in months (NL: 7. 
Comparing treatment outcome
There were 34 patients in the UK who did not complete post-treatment CFQ (21%), and 68 in the Netherlands (23%; χ(1):0.33, p:0.56). Effect sizes are shown for the patients who completed both pre-and post-treatment assessments ( (41) . When including only the UK patients that met CDC criteria, the results were the same (data not shown).
Comparing treatment outcome to outcome from RCT's
The effect sizes in these cohorts were compared with within-group effect sizes in recent RCT's in which the centres participated (Table 3 ). Compared to the within-CBT group effect size in the UK RCT (26) , the effect size for fatigue severity in the Dutch cohort of the present study was larger. The 95%
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10 confidence intervals did not overlap. The effect size of the UK cohort did not differ from the UK RCT.
The confidence intervals of the Dutch cohort overlapped with both RCT's ( Table 3) .
For physical functioning the Dutch cohort effect size did not differ from the RCT's. The UK effect size was lower than in all RCT's, although the higher boundary of the confidence interval fell within the lower boundary of the UK RCT and one of the Dutch RCTs (25) .
For social impairment, the effect size in the Dutch cohort was higher than the effect size in the RCT from the UK. The effect size of the UK cohort did not differ from the UK RCT.
For both the Dutch and the UK sample, the percentages of patients that did not complete post-assessment were significantly higher than the percentages in two out of three RCT's (26; 25).
Comparing baseline characteristics
See table 4 for the comparison of baseline characteristics between the Dutch and UK cohorts.
Significantly more Dutch patients were on sick leave and the number of hours that patients worked per week was significantly lower in the Netherlands than in the UK. More Dutch patients lived together with a partner. Patients from the UK had significantly worse physical functioning and reported significantly less additional CDC symptoms. Symptom duration was longer in the Netherlands. There were no significant differences in all other variables.
The baseline characteristics of the patients that completed post-assessment were compared between cohorts as well. This showed no significant differences other than those found in the total group.
Contribution of patient characteristics to differences in treatment effect
Results of the multiple regressions used to assess the independent effect of treatment centre are shown in table 5. For fatigue, when unadjusted, the change in the CFQ was on average about 3.95 points smaller in the UK group. Treatment centre remained a significant predictor after including the patient characteristics as predictors (difference in the CFQ change between UK and NL = -6.00). The pattern of results was similar for the changes in physical and social functioning. The analyses do not allow for the identification of predictors of treatment effect, as treatment variables were not controlled for and the magnitude and direction of the predictors of treatment effect may differ in both countries.
Discussion
This study is the first to our knowledge to compare treatment outcomes of CBT for CFS in two tertiary CFS treatment centres in different countries. Both centres developed treatment (27; 23) protocols that are effective in reduction of fatigue and impairment in CFS patients (8; 18; 21; 22; 23;24; 25; 26) . In the present study, treatment outcomes differed significantly between treatment centres. The Dutch centre had significantly larger within-group effect sizes for fatigue, physical functioning and impairments in social adjustment. This could not be explained by patient characteristics, the use of different diagnostic criteria for CFS or different outcome measures. It seems likely that differences in CBT as delivered in the two centres could be responsible for these variations. It would be useful to know which differences in treatment protocols are associated with differences in treatment effect.
There is considerable overlap in the approaches. Both emphasize the role of unhelpful behaviour and beliefs in the perpetuation of symptoms and include goal setting. They also include the adoption of a consistent approach to activity, sleep management, a gradual increase of activity and cognitive restructuring.
One prominent difference between the protocols is that the Dutch protocol includes a specific physical activity program, in which the patient walks or cycles on a daily basis with a systematic increase of a minute per day, regardless of symptoms. During this program dysfunctional beliefs with respect to fatigue and the ability to become active are modified.
If this physical activity program is responsible for the difference in treatment effect, it is important to know why. One hypothesis is that the increase in physical activity in itself improves outcome. Mediation analysis of the treatment effect in the PACE trial showed that the increase in activity measured in walked metres was a mediator of treatment effect in graded exercise therapy (14) . In the CBT group this did not mediate treatment effect, but walking was not a primary focus in the CBT delivered in this UK RCT. If this increase in activity boosts treatment outcome, one would expect that in the Dutch CBT, where this was specifically aimed at, this increase would mediate the reduction of fatigue. Mediation analysis of three RCT's testing the effectiveness of the Dutch CBT showed that actual changes in level of physical activity assessed with actigraphy did not mediate effects of CBT on fatigue. The reduction of fatigue was however mediated by an increase in selfefficacy, a reduction in symptom focusing and a change in perceived activity (11; 12; 13) . These findings suggest that in the Dutch version of CBT for CFS increasing physical activity is not a mediator but a catalyst of change. The activity program seems to help the patient to change beliefs that perpetuate symptoms and disability.
Other possible explanations of the differences in treatment effect could be that in the Dutch protocol recovery is set as a treatment goal, which may increase outcome expectations and hence positively influence outcome (13) , or the fact that different fatigue related beliefs are addressed during the therapy. The Dutch protocol focuses on the role of low self-efficacy regarding fatigue and focusing on symptoms as possible perpetuators of fatigue. In the UK CBT, more emphasis is laid on avoidance of activity and fear avoidance beliefs. Perhaps the outcomes of the Dutch treatment protocol are more favourable because it focuses more on empowering people, working on a positive change rather than ameliorating the negative consequences of the fatigue, such as fear-avoidance beliefs or avoidance.
Another possible explanation is the use of a specific intervention, namely attentional training in the Dutch protocol. Some of the elements of this intervention, focussing on attentional factors, originate in meta-cognitive therapy (43) . Perhaps this 'add-on' in the Dutch protocol increased it effectiveness.
It is possible that factors other than protocol differences caused the variations in withingroup treatment effect. For example, in the Dutch centre patients received on average one treatment session more. Number of sessions has been found to be a moderator of treatment outcome (10) . However, we find it unlikely that this small difference can explain the substantial effect sizes differences.
Differences between the Dutch and UK patient groups could not explain differences in treatment outcome. However, there were some interesting differences between both groups. Dutch patients had longer symptom duration and were more often living together with a partner. They worked fewer hours per week on average and were more often on sick leave. The latter is perhaps due to different laws and rules with respect to sick leave. Interestingly, the Dutch patients were less impaired in physical functioning on average at baseline. This was unexpected, as mean scores on the scales for population controls do not differ between the countries (42;44). There were no differences in all other studied variables.
It is possible that other, unmeasured patient, therapist, or centre characteristics influenced the within-group differences in treatment outcome between centres. Using this study design we Also the education systems differ and the categorisation of low and high education level may have been imprecise. As mentioned, since patients were not randomly assigned to treatment in one centre or the other, it is not possible to compare the effect of both treatments directly, which would more effectively investigate predictors of treatment outcome. Furthermore, since only the patients who completed post-treatment assessment were included in the effect size calculations, a selection bias may have occurred.
In conclusion, our findings support the idea that different protocols may have different effects on fatigue severity and disability in CFS patients. This could partially explain variations in the effect sizes of CBT for CFS between studies, found in meta-analyses (10; 19) . Understanding which aspects of CBT treatment protocols may be associated with larger treatment effects would be useful for treatment refinement. This could help us to a better understanding of cognitions and behaviours crucial in maintaining CFS. These findings suggest further study of the relative efficacy of different elements of CBT for CFS and different treatments protocols for CFS could be fruitful. Cognitions "I can increase my activity level, following specific principles and irrespective of symptoms."
Tables
"I think I can influence my fatigue."
Increasing self-efficacy with respect to fatigue.
Aimed at reducing the focus on fatigue.
"I can increase my activity level and will be able to cope with an increase in symptoms." This focuses on reducing fear avoidance of symptoms. Advocates a shift in the focus of attention from fatigue, but no specific intervention targets this. 
Symptom focusing
